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General Introduction 
(General introduction 
The term soil is derived from the Latin word "Solum" which 
means floor. Soils are that upper portion of the earth's crust in which 
land plants can grow, if water and temperature are adequate, at least 
the minimum nutrients are available and toxic substances are in low 
concentrations. 
According to the glossary (Soil Science Society of America. 
1970), soil is 
(i) The unconsolidated mineral matter on the immediate 
surface of the earth that serves as a natural medium for the 
growth of land plants. 
(ii) The unconsolidated mineral material on the surface of the 
earth that has been subjected to influenced by genetic and 
environmental factors of parent material, climate (including 
moisture and temperature effects), macro and 
microorganisms and topography, all acting over a period of 
time and producing a product that is soil, that differs from 
the material from which, it is derived with many physical, 
chemical, biological and morphological properties and 
characteristics". 
COMPOSITION OF SOIL 
Soil is composed of solids, liquids and gaseous phase in varying 
proportion. The composition of mineral material is relatively 
unchanged, while the organic matter may vary with different time 
intervals and depth. The volume of the water and air in soils fluctuate 
on the basis of particle size, porosity, humidity, temperature etc. of the 
soil, environment. The approximate composition of an ideal surface 
soil is given below: 
Primary 
minerals 
Secondary 
minerals 
1. Solid phase: 
It Consists of, 
(i) Mineral matter 
(ii) Organic matter 
(i) Mineral matter: 
Mineral particles are product of physical and chemical 
weathering of rocks. Primary minerals come directly from rock such as 
quartz, feldspars and micas while secondary minerals such as clays and 
salts are formed from primary particles by weathering. The physical 
properties of soil such as texture and structure involves the size and 
grouping of mineral particles. The clay is the smallest mineral particle 
of size <0.002 mm which is considered to be the most active and 
reactive portion of the soil (Baver, 1948). 
Important clay minerals in relation to soil are: 
Montmorillonite: 
The structure of Montmorillonite is 2:1 type, which is made up 
of single octahedral alumina sheet sandwiched between two tetrahedral 
silica sheets (Hofmann et al., 1983). These layers are loosely held up 
together by oxygen to oxygen and cation to oxygen (Fig. 1 and 2) 
linkages. Exchangeable cations and associated water molecules are 
attracted between the interlayer spaces causing expansion of the crystal 
lattice in the c-direction. The c-axis dimension is therefore, not fixed 
and varies from 9.3A to 14 A or even more. Motmorillonite has a high 
plasticity, cohesion and marked swelling when wet and shrinkage on 
drying. Cation exchange capacity of montmorillonite is high that varies 
from 60 to 150 meq per 100 g clay (Daji, 1990). 
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Fig. 2: Layer structure of montmorillonite clay mineral 
Kaolinite: 
Kaolinite is the 1:1 type clay mineral, which is made up of one 
tetrahedral silica sheet combined with one octahedral alumina sheet 
(Grunar, 1932; Pauling, 1930). The tetrahedral and octahedral sheets. 
in a layer of Kaolinite crystal are held together tightly by oxygen 
atoms that are mutually shared by the silicon and aluminium cations in 
their respective sheets (Fig. 3 and 4). These layers in turn, are held 
together through hydrogen bonding. Kaolinite exhibit very little 
plasticity, cohesion, shrinkage and swelling properties and has 
restricted surface area having limited adsorption capacity for cations. 
The size of the unit cell is 7.2 A°. Its cation exchange capacity is low 
and varies from 5 to 15 meq per 100 g clay (Daji, 1990). 
Illite: 
It has well established that the structure of illite (Fig. 3 and 4) has 
very similar to that of montmorillonite having 2:1 type of basic unit 
structural arrangement. The major source of charge is due to the 
isomorphous replacement of ions in the tetrahedral sheet (Bolt et al., 1963; 
Grim et al., 1937) where about 20% of the silicon sites are occupied by 
aluminium atoms. This results in the balance of net negative charge of the 
tetrahedral sheet. To satisfy this charge, potassium ions are strongly 
attracted in the interlayer space that act as a bridge. Thus, preventing the 
expansion of the crystal layers. The size of the unit cell is 10A°. The cation 
exchange capacity of illite varies from 25 to 40 meq per 100 g clay. 
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Fig. 4: Layer Structure of Kaolinite and illite clay mineral 
Chlorite: 
Chlorite is basically iron magnesium silicate associated with 
some aluminium (Donahaue et al., 1977). In a typical chlorite clay 
crystal, 2:1 type layers are formed. The crystal unit contains two silica 
tetrahedral sheets and two magnesium dominated trioctahedral sheets, 
giving rise to them a 2:1 or 2:2 type mineral structure. Chlorites do not 
swell when wetted with water and have low cation exchange capacity 
varying from 10 to 40 meq per 100 g clay. 
Amorphous clay: 
Amorphous clay is the mixture of silica and alumina, containing 
weathered oxides of iron, manganese etc. which has not formed well 
oriented crystals. These are very common in soils and exist in varying 
proportions. Their properties are usually uncommon with high positive 
charge and posses anion exchange properties that depend on the pH of 
the soil solution. 
(ii) Organic matter: 
Soil organic matter comprises an accumulation of partially 
disintegrated and decomposed plant and animal remains and other 
organic compounds synthesized by the soil microbes. Well 
decomposed, dark brown amorphous organic matter is called humus. It 
posses high cation exchange capacity and that varies from 300 to 350 
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meq per 100 g soil. Greater the amount of organic matter, higher the 
fertility and water holding capacity. 
Humus may be divided into following main groups that includes. 
(a) Humic acids: Lowest in molecular weight, lightest in 
colour, soluble in alkali and insoluble in acids. 
(b) Fulvic acids: Medium in molecular and colour, soluble in 
both alkali and acids. 
(c) Humin: Highest in molecular weight, darkest in colour 
and insoluble in both alkali and acids. 
Accumulation patterns of humic and fulvic acid fractions have 
been studied by various workers (Kilham and Alexander, 1984; Goh et 
al., 1976) to show that the humic acid gets accumulated principally in 
the surface immediately below the surface horizon while fulvic acid 
fraction extends too much to lower depth and is hardly precipitated in 
soil. 
2. Liquid phase: 
It is mainly composed of soil water. It has the property of 
solubilizing the plant nutrients in their usable ionic forms (Brady. 
1974). Soil water acts as a medium where nutrients from the minerals 
and decaying organic matter are released and made available to plant 
roots and other organisms. Soil moisture helps in maximizing the 
11 
bioactivity helpful in releasing the plant nutrients, which are essential 
for normal plant growth. 
3. Gaseous phase: 
The gaseous phase in soil is air which contains nitrogen, oxygen. 
carbondioxide and water vapours etc. It may occupy pores or vacant 
spaces between the various particles in soil. The soil air contains a 
much greater proportion of carbon dioxide and lesser amount of 
oxygen that are present in atmospheric air. This is due to the 
respiratory activity of soil microbes. Soil air are essential to the life 
cycles of soil animal, organisms and some plants. 
SOIL MICROORGANISMS AND THEIR ACTIVITIES 
The living organisms present in soil play an important role in the 
transformation of nutrient from unusable to their usable forms. It has 
been found that one g of soil may contain about 1 to 100 million 
microorganisms, forming a very small fraction (<1%) of soil mass 
(Donahaue et al., 1977; Sehgal 1996). They are considered to be 
present in soil from the top to a depth of few inches. The microbial 
population and their activities depend on many factors such as moisture 
level, temperature, aeration, soil condition, soil pH, types of soil 
microorganisms etc. Temperature is the key factor that controls the 
population and activities of the soil microbes. At low temperature, the 
no. and activity of microorganisms fall. Most of the soil 
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microorganisms are mesophiles and grow well in the temperature range 
from 15 to 45°C. The temperature 37°C is considered to be optimum 
for their growth in most cases. 
Microorganisms play an important role in biochemical 
transformation such as organic matter decomposition, humification. 
nitrogen fixation, ammonification, nitrification, oxidation and 
reduction (Bollag and Henninger 1976; Gaur and Misra, 1977; Gowda 
et al., 1976; Vlassak, 1975). Thus, they help in the process of soil 
development and tend to maintain the soil fertility (Russel, 1973). 
Classification of soil microorganisnis: They can be classified as, 
A - Microflora: (i) Bacteria (ii) Actinomycetes 
(iii) Fungi (iv) Algae 
B - Microfauna: (i) Protoza (ii) Nematodes 
A- Microflora: 
(i) Bacteria: 
Bacteria, single-cell organisms, are one of the simplest and 
smallest form of life known. They grow near neutral to slightly 
alkaline condition between pH 6.5 and 8.0. The bacterial activities in 
soil are largely responsible for the maintenance of soil fertility as well 
as soil properties (Russel, 1973). A number of biochemical 
transformation viz. ammonification, nitrification, denitrification. 
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symbiotic and non-symbiotic nitrogen fixation, soil respiration etc. 
happens to be reported due to the soil bacterial activities. The 
transformation of sulphur, phosphorus and other trace metals 
availability for plant use have also been reported to occur as a result of 
bacterial activities in soil (Fuller et al., 1983; Legocki and Verma, 
1980; Leony et al., 1982; Pillai and Sen, 1979; Singh and Subba Rao. 
1981). 
(ii) Actinomycetes: 
Actinomycetes are filamentous and branched. They are similar to 
bacteria, in that they are unicellular and have about the same diameter. 
They grow in slightly alkaline conditions. In soils they are involved in 
the decomposition and transformation of some organic compounds in 
soil medium. 
(iii) Fungi: 
Fungi are plants without seed, stem, leaf and root and have no 
chlorophyll. These organisms produce microscopic threads like called 
mycelia, which may found in the disintegrating organic matter on the 
surface of the soil or on plant roots in the upper strata just below the 
surface. Many of the fungi are harmless saprophytes, living on dead 
organic matter, others are parasites which attack on living plants and 
produce highly destructive epidemic diseases. They grow in acidic 
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conditions between pH 4.5 and 6.5. The ammonifying capability of soil 
fungi is greater than that of many bacteria. 
(iv) Algae: 
Most algae are microscopic chlorophyll-bearing organisms. 
Moisture and adequate sunlight are the most significant environment 
conditions influencing the algal population. One of the important roles 
of blue green algae is the fixation of nitrogen from air. 
B- Microfauna: 
(i) Protozoa: Soil protozoa are unicellular animals, feeding either on 
soil organic matter or on bacteria. Protozoa include amoebae, ciliates 
and flagellates. 
(ii) Nematodes: Nematodes are microscopic, unsegmented thread 
like worms and may be classified according to their feeding 
habits. Omnivorous, predaceous, parasitic nematodes etc. are 
very common nematodes in soils. 
PHYSICO-CHEMICAL PROPERTIES OF SOIL 
Mechanical composition: 
Mechanical composition (texture) is an important and basic 
property of soil, which gives the idea of particle distribution of various 
sizes such as gravel (>2 mm), sand (0.02-2 mm) silt (0.002-0.02 mm) 
and clay (<0.002 mm) distribution in soil. The particle size distribution 
15 
in soil influences its physical, chemical and biological properties and 
also influences its water holding capacity and water supply to plants. It 
influences the strength and compressibility of soils. The success of any 
mechanical analysis depend firstly upon the preparation of the sample 
to ensure complete dispersion of all aggregates into their individual 
primary particles without breaking up the particles themselves, and 
secondly upon the accurate fractionation of the sample into various 
separates. 
Soil pH: 
The term pH is defined as the -log [H^]. It gives an indication of 
acidity or basicity of the soil. It varies from 0 to 14 (pH scale). 
Generally very low or high pH of the soil is regarded to be 
unproductive for plant growth. The best growth for the largest variety 
of plants takes place within a pH range 6.0 to 7.0 (slightly acidic to 
neutral) some plants species can survive in an alkaline condition while 
others may prefer to survive in acidic soil environment. Soils which are 
higher in acidity or alkalinity levels can result in deficiency or excess 
of certain kinds of elements. For instance, higher alkalinity can make 
elements such as Fe, Mn and Zn less soluble and may be removed as 
precipitate therefore less available for plant absorption. Deficiencies of 
these elements may cause in their stunt growth. Higher acidity may 
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damage the hair like roots and the nutrients absorption capacity is 
reduced. 
The pH of a soil can also affect the activities of soil 
microorganisms, which are responsible for the maintenance of 
nitrogen, phosphorus and sulphur levels in the soil. Most organisms 
prefer to survive in the neutral range 6-7. 
Electrical conductivity (EC): 
Electrical conductivity is measured to have an idea about the 
soluble salts contents in soil. Soil salinity scale which is due to the 
presence of NaCl and Na2S04 as soluble salts in soil based on 
electrical conductance of the soil extract. For saline soil, the salt level 
is more than 0.3% or E.C.>4.0 m mhos cm''. Higher sodium salt levels 
negatively affect plants growth and soil microorganisms. E.C. of the 
irrigation water may vary from 0.1-0.7 mmhos c m ' . 
The percentage of soluble salts in soils can be calculated by 
using the formula (Jackson, 1958) 
0/ /• 1 U7 7. 0.064 x£C(ww/zo.s/cm) X 500 %age ofsoluhle salts = ^  
100 
(in 1:5, soil: water ratio) 
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Exchangeable cations: 
The clay lattice carries a net negative charge which is 
compensated cations which are located on unit layer surfaces. During 
the process of weathering of rocks and clay mineral formation, the 
water in the immediate vicinity of the decomposed primary mineral is 
rich in Ca^^ Mg^^, Na"*^  and K"*^  ions. The newly formed clay minerals 
react and adsorbed these ions on its exchangeable sites. The major 
exchangeable cations in soils are Ca^^, Mg^^, H"^ , Na^, K^ and A l ' etc. 
The clay minerals also found to adsorbed other available cations such 
as iron, manganese, zinc, copper and others by the process of ion 
exchange. 
Cation adsorption over clay surfaces is governed by the nature 
and extent of clay minerals, exchangeable cations, soil pH etc. Hence 
clayey soil contains a greater amount of total exchangeable cations 
than the sandy loam soil. 
Cation exchange capacity (CEC): 
It is one of the most important chemical properties of soil which 
strongly influences in preserving the nutrients availability for plants 
use. The term cation exchange capacity or base exchange capacity is 
defined as the power of the soil to combine with cations in such a 
manner that they cannot easily be removed by simple leaching with 
water, but can readily exchanged by an equivalent amount of other 
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cations. The CEC of soil is expressed in terms of miili equivalent of 
negative charge per 100 g of soil. The CEC also represents the total 
exchangeable cations in meq 100 g"' of soil held on the negative sites. 
The CEC of the soil varies from the nature and extent of clay minerals 
and soil organic matter contents. It is most important criteria in 
identifying the clay minerals. 
PLANT NUTRIENTS 
Sixteen elements are found to be essential for plant growth and 
development. They are called plant nutrients. Deficiency of these 
elements causes several types of diseases and affects the life processes 
of plants and animals (Arnon, 1950). These elements are divided into 
two main groups: non-mineral and mineral nutrients. 
Non-mineral nutrients: 
The non-mineral nutrient elements are hydrogen (H), oxygen (O) 
and carbon (C). These are the most abundant elements in plants and 
found in the air and water. Plants use the energy from the sun to 
change carbon dioxide (C02-Carbon and oxygen) and water (H2O-
hydrogen and oxygen) into starches and sugars, the process is called 
photosynthesis. These starches and sugars are utilize by the plant as 
their food. 
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Mineral nutrients: 
Out of the essential elements the remaining thirteen elements are 
mineral nutrients, which usually come from the soil, are dissolved in 
water and absorbed in ionic forms through the plants root. 
The mineral nutrients are divided into two groups: 
(i) Macronutrients and (ii) Micronutrients 
The role of some important macro and micronutrients on plant 
growth are discussed below: 
(i) Macronutrients: 
Macronutrients are further classified into two more groups: 
(a) Primary nutrients (b) Secondary nutrients 
(a) Primary nutrients: 
Nitrogen (N): 
Nitrogen is a essential component of enzymes, amino acids and 
proteins which control metabolic processes in plants. Plants normally 
contain between 1 and 5% nitrogen by weight. It is absorbed by plants 
as nitrate (NOa"), nitrite (N02') and ammonium (NH4^) ions. However, 
in moist, warm, well-aerated soils, the availability of NOa' forms is 
dominant (Merila et al., 2002). It is also an integral part of chrolophll 
molecule and thus plays an important role in photosynthesis. Poor plant 
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yields are often due to the deficiency of nitrogen (Khattak et al., 1996; 
Yuichi et al., 1997). 
Phosphorous (P): 
Phosphorous is the second key plant nutrient. It is absorbed by 
plants either in the form of H2P04' or HP04^' ions. It is a structural 
component of cell membrances, chloropiasts and mitochondria and a 
constituent of sugar phosphates, viz. ADP, ATP, nucleic acid etc., and 
phosphatides and hence involved in the biological energy transfer 
process (Mengal and Kirkby, 1982), which is of vital significance for 
the life and growth of plants (Khasawneh, 1980). Phosphorus 
deficiency is indicated by stunted growth, dark green leaves with a 
leathery texture, and redish purple leaf tips and margins. 
Potassium (K): 
Potassium is the third largest essential elements for plant 
growth.It is essential elements for photosynthesis and regulates 
opening and closing of stomata. It activates enzymes to metabolize 
carbohydrates for the manufacture of amino acids and proteins and 
increases disease resistance. It improves firmness, texture, size and 
color of fruit crops and increases the oil content of oil crops. 
Excess of potassium in soil makes in soil makes the water less 
available to plants by affecting osmotic pressure of soil solution. 
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Deficiency of potassium is reflected in plants by white spots on the 
leaf edges, chlorosis and necrosis. Potassium deficiency can also occur 
in young leaves at the top of high yielding and fast maturing crops. 
(b) Secondary nutrients: 
Calcium (Ca): 
Calcium is absorbed by plants as Ca^*, and its concentration 
ranges from 0.2 to 1.0 percent. Calcium combines with pectin in the 
plant to from calcium pectate, which is an essential constituent of the 
cell wall (Rudolf and Dragano, 1992). Deficiency of calcium causes 
reduction in crop growth but is rare in agricultural soils. 
Magnesium (Mg): 
Magnesium is absorbed as Mg^ "^ , and its concentration in crops 
varies between 0.1 and 0.4. The importance of Mg^* can be realized as 
it is a primary constituent of chlorophyll molecule. Mg^* is required for 
maximum activity of almost every phosphorylating enzyme in 
carbohydrate metabolism (Mengal and Kirkby, 1978; Smithson et al., 
1993). 
Sulphur (S): 
Sulphur is an essential component in the synthesis of amino 
acids, which are essential for plant and animal growth (Tabatabai, 
1986). Sulphur is also help for the production of chlorophyll and 
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utilization of phosphorus and other essential nutrients. It increases the 
growth of root and seed production sulphur may be supplied to the soil 
as acid rain from the atmosphere. It may be used as fertilizer such as 
ammonium sulphate, calcium sulphate etc. Deficiency of sulphur 
causes stunted growth, delayed maturity and yellowing of plants. 
(ii) Micronutrients: Seven elements are considered to be as 
micronutrients. These are. 
Boron (B): 
Boron helps in the use of nutrients and regulates the function of 
other nutrients. Boron is essential for seed and fruit development. The 
sources of boron in soil are associated with organic matter and used in 
the form of Borax. A boron deficiency decreases the rate of water 
absorption, root growth and translocation of sugars in plants. 
Copper (Cu): 
Copper is important for reproductive growth and is involved in 
photosynthesis and respiration (Arnon, 1949). It also stimulates in root 
metabolism and helps in the utilization of proteins. Deficiency of 
copper has been reported in numerous plants. In corn, copper 
deficiency causes yellowing and stunted to the youngest leaves. 
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Chlorine (CI): 
Chlorine is an essential micronutrient released from the salts, 
and it is found in the soil. It is known to influence photosynthesis and 
root growth. A useful function of chlorine is as the counterion during 
rapid potassium fluxes, thus contributing to turgor of leaves and other 
plant parts. Chlorosis in younger leaves and overall wilting of the 
plants are the two most common symptoms of chloride deficiency. 
Iron (Fe): 
Iron is essential for the formation of chlorophyll. Iron exist in 
soil as iron sulphate and iorn chelates with humic and fulvic acid 
complexes. A deficiency of iron is indicated in the young leaves of 
plants. Iron deficiency also reduces the chlorophyll production, which 
results in the characteristics chlorosis symptoms of iron stress. An 
excess amount of iron is hazardous to plants. 
Manganese (Mn): 
Manganese is essential for photosynthesis, respiration and 
nitrogen metabolism (Stiles, 1961). It also takes part in oxidation 
reduction process and in decarboxylation and hydrolysis reactions. Soil 
is a source of manganese. Its deficiency causes gray spots of oats. 
marsh spots of peas and speckled yellow of sugar beets. Wheat plant 
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grown in low manganese are often more susceptible to root rot 
diseases. Excessive amounts of manganese are also harmful to plants. 
Molybdenum (Mo): 
Molybdenum is an essential component of enzyme nitrogenase. 
Which is responsible for the process of nitrogen fixation. Soil is the 
source of molybdenum. Molybdenum improved modulation and 
nitrogenase activity in groundnut (Tripathi et al., 1999). 
Zinc (Zn): 
Zinc plays a vital role in protein synthesis, in the formation of 
some growth regulating hormones and in the reproductive process of 
certain plants. Sources of zinc are soil, zinc oxide, zinc sulphate, zinc 
chelate. The symptoms of zinc deficiency appear generally in younger 
leaves, starting with intervenial chlorosis leading to a reduction in 
short growth and the shortening of internodes. 
PESTICIDES 
Pesticides are chemicals or biological substances used to destroy 
or control weeds, insects, fungi, rodents, bacteria and other pests. 
Pesticides have been extensively utilized since 1850, but before 1940s, 
they were used in smaller amounts and caused no harmful effects as 
they were considered to be a safe pesticide. Their small amounts were 
not toxic to animals and human beings but had controlling power to 
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insects, fungi, weed, etc. they were supposed to be decomposed 
biologically, if they remained in excess. However, some of the used 
chemicals were not completely decomposed and on repeated 
application may accumulate in the soil, thereby making the soil 
hazardous for some of the microorganisms (Camper, 1991; Malkomes 
and Dietze, 1998; Taiwo and Oso, 1997; Vlasenko et al; 1993; Zhou et 
al., 1997). Adsorbed systemic pesticides by plants and consumed by 
animal and human beings may be harmful (Kratz and Wenner, 1997; 
Nishiuch 1991). 
Classification of pesticides: 
Pesticides may be classified into following major categories such as, 
(a) Insecticides: 
Insectidices are those substances which are used to kill or 
control various insects. They can be applied directly to soil or in the 
form of spray or dusts to foliage plants. According to their mode of 
action, they are usually classified as: stomach insecticides which 
contact or external insecticides which destroy the insect simply by 
external bodily contact and fumigants which act on the insect through 
respiratory system. On the basis of chemical nature, they may be 
classified as (i) inorganic (ii) natural (iii) organic insecticides. 
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(b) Herbicides: 
Herbicides are considered among a group of organic chemicals 
which are used to destroy or suppress the growth of certain unwanted 
plants. The biological activity of herbicides molecules is a reflection of 
their ability to penetrate into plant tissues, resist detoxication and 
interfere to particular physiological or biological processes in plants. 
However, many herbicides, which are effective to monocots. are 
injurious to dicots. For example, atrazine and diuron interfere the 
photosynthesis while glyphostate, sulfonylureas and imidazolone block 
the synthesis of essential amino acids. Herbicides include (i) triazine 
(ii) substituted ureas (iii) carbanilates (iv) phenoxyalkanoic acids (v) 
chlorinated aliphatic acids and (vi) amitrole. 
(c) Fungicides: 
Fungicides are those chemicals which control fungi and fungal 
diseases such as mildews, blights, smuts, rusts, scab, spot, rot, etc. 
Fungicides, on application to various plant parts, are absorbed by the 
plant tissues and translocated either upwards or downwards and control 
diseases away from site of application. 
(d) Nematicides: 
Nematicides are used for controlling underground parasitic 
nematodes that attack the roots or root hairs of plants. Nematodes 
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problem occurs in all over the world where crops are grown. Due to the 
lack of knowledge sometimes the application of nematicides may cause 
crop losses. 
Two types of nematicidal chemicals are utilized for controlling 
nematodes. These are: 
(i) Soil fumigants: 
Soil fumigants give protection to crop plants for prolonged 
period, posses a high proportion of active ingredients and remain 
effective against nematodes (Hollis, 1958). It completely kills 
nematodes at early stages. These are usually formulated as liquids, 
which vaporize and move through air spaces in soil after vaporization. 
They tend to move deep into soil layers and have a broad spectrum of 
biocidal activity and are applied at controlled rates. Some of the 
important fumigants are methyl bromide, 1,3-dichloropropane and 
methylisothiocyanate. 
(ii) Non-fumigants: 
These nematicides are also called as systemic nematicides. They 
are often formulated as granules but some are also available in the 
form of liquids for spraying on soil or foliage. As compared to 
fumigants, non fumigants do not move deep to the soil. Thus tend to 
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have a narrower spectrum of biocidal activity. Some common non-
fumigants nematicides are: carbofuran, fenamiphos, oxamyl, etc. 
(e) Rodenticides: 
These are used to control and kill rates, mices, squarrels, ground 
hods, field rodents, etc. Warafarin, sodium fluorocetate, nor-bromide, 
calcium cyanide, etc. are the common chemicals that are used as 
rodenticides. Warafarin acts as anticoagulant and depresses 
prothrombin level. Sodium fluoroacetate, an extremely hazardous 
rodents killer, causes hyperstimulation in central nervous system and 
affects hearts action of rats. Nor-bromide constricts small peripheral 
blood vessels of rats (Sharma and Kaur, 1995). 
(f) Acaricides: 
Acaricides are used for controlling mites that are harmful to fruit 
trees and other crops. The commonly used chemicals for this purpose 
are aryl alkyl sulphides, chlorofension and dicofol etc. 
Although, the use of pesticides is necessary for the modern 
agrotechnololgy but they also have injurious effect to non-target 
organisms (Xing et al., 1998; Zhou et al., 1997). Recent reports have 
indicated that pesticides chronically pollute our environment (Rath et 
al., 1998; Viswanathan, 1997; Xing et al., 1998; Zhu and Hu, 1997;), 
which is increasing tremendously in various parts of the world. 
Therefore, there is an urgent need to control and prevent the 
environmental pollution, posed by pesticides, through a scientific 
approach. 
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TRACE ELEMENTS AND THEIR EFFECTS 
Trace metals that are needed in smaller amount for the healthy 
growth of plants. These are Cu, Zn, Fe, Mn, Co, Mo, Cr, Sn, Ni, Cd, 
Pb, Ag, Fe and V. These are also called heavy metals. They enter the 
soil through various sources such as industrial and mining activities, 
atmospheric deposition, sewage sludge and sewage waters. The 
chemical behaviour of the trace metals has been extensively studied in 
relation to soils and plants. (Bowman et al., 1981; Hodgson, 1963; 
Tiller et al., 1979; Zhu and Liu, 1986). Some of these are beneficial to 
plants at their lower concentration but becomes phytotoxic at their 
higher concentration. 
There is a considerable variation in the specific roles of the 
various trace metals in plants and microbial growth processes (Mengal 
and Kirkby, 1982; Marschner, 1986). For example, copper, iron and 
molybdenum are capable of acting as "electron carriers" in enzyme 
systems that bring about oxidation - reduction reaction in plants. Zinc 
and manganese are needed in the function of enzymes, systems 
necessary for important reaction in plants metabolism. Molybdenum is 
essential for certain nitrogen transformation in microorganisms as well 
as in plants (Stiles, 1961). Co is essential for nitrogen fixing 
microorganisms and is needed in nodules of legumes. The 
physiological function of trace metal depends on concentration. Trace 
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metals are essential for physiological function at low concentration. On 
the other hand, they have a deleterious effect on living organisms at 
higher concentrations (Dijkshoorn et al., 1979; Khan and Khan, 1983; 
Brookes et al., 1984; Sharaf, 1996; Baath et al., 1998), at which they 
may be termed as toxic. For example, molybdenosis, a disease in cattle 
is caused by an imbalance of molybdenum and copper in their diet. 
The effect of trace metals on soil microorganisms have been 
investigated quantitatively by assessing microbial biomass. ATP 
content, plate counts and direct microscopy, as well as by measuring 
specific microbial activities such as soil respiration, biological N2-
fixation and soil enzyme activities (Fliebach et al., 1994) measured soil 
microbial biomass and respiration in soils as a result of sewage sludge 
application. However a low metal contamination had shown some 
beneficial effects on microbial biomass and microbial activity but at 
higher levels of their contamination has resulted in substantial decrease 
in the level of soil microbial biomass. Soil respiration, especially 
respiration per unit biomass, decreased with increasing amounts of 
trace metals in soils. 
It is also important to understand the free ion activity of these 
trace metals in soil solution and their adsorption - desorption equilibira 
over soil particles. This gives information regarding the uptake and 
supply of various elements by plants. Thus, there are dynamic 
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equilibria between various ions in solutions and the solid phase of the 
soil particles (Sillen and Martell, 1971). The literature available on the 
role of trace elements under Indian climatic conditions is lamentably 
inadequate. More attention on the judicious utilization of trace 
elements is required in the near future. 
FLY ASH 
Fly ash obtained in huge quantities from most of the thermal 
power plants are available in the form of solid wastes. In India more 
than 47 thermal power plants are present, producing about 7 million 
tonnes of fly ash per year (Rehsi, 1981). The Indian fly ashes contain 
relatively higher amounts of Si02, AI2O3 and unburnt fuel but along 
with smaller contents of major and micronutrient elements and toxic 
heavy metals. 
Fly ash is a complex mixture of various solids, semi solids and 
gaseous phases having organic and inorganic origins. The fly ash also 
contain aromatic hydrocarbons with polar groups capable of forming H 
bond with metal ions (Mille et al., 1985; Low et al., 1985). 
Fly ash is associated with greater quantities of most of the 
essential plant nutrients (Hodgson and Holiday, 1966; Rees and Sidrak, 
1955). Iron, Manganese, Zinc, Copper, boron and molybdenum are 
found to occur in fly ash that are essential for plants and animals 
growth. Its pH range varies from 6.5 to 10.5 (Engle and John, 1967). It 
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is also associated with certain toxic heavy metals such as chromium, 
lead, nickel, vanadium and barium (Fulekar, et al., 1993; Dalmau, et 
al., 1990). The presence of toxic metals in greater amount make the 
soil hazardous and hinder the nutrients utilization by plants and 
microbial populations. Which in turn govern the soil fertility by way of 
their greater participation in conversion of their useful constituents 
through the processes of oxidation-reduction, solubulization. 
nitrification, denitrification and ammonification of nitrogen, etc. in soil 
(Khan et al., 1996). "Pichtel" has shown that respiration and enzymatic 
activities of microbial population were typically decreased with the 
increasing amount of fly ash amendments in soil. Thus, fly ash has a 
great potential to be utilized as a source of major and micronutrients 
required for healthy plant growth. 
SOIL POLLUTION 
Soil is the most important component of the earth's crust 
(lithosphere). It supports the vegetation, which in turn supports animal 
life. Like air and water, soil is also subjected to pollution. Mankind is 
dependent on the soil either directly or indirectly for food, clothing and 
shelter. But increasing dosage of pesticides and chemical fertilizers 
containing toxic heavy metals leads to ecological problems. Recent 
research has shown that some of the pesticides persist for a longer 
period such as DDT and its use is banned in developed countries. 
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Increasing as such substances are having deleterious effect on 
biological systems. Thus, human activity is considered to be the real 
cause for soil pollution responsible for new types of diseases 
originating from the food grown on such soils. 
Sources of soil pollution: 
> Industrial wastes and sludges: 
Disposal of industrial wastes is the major problem responsible 
for soil pollution. These industrial pollutants are mainly discharged 
from pulps and paper mills, chemical industries, oil refineries, sugar 
factories, tanneries, textiles, steel, distilleries, fertilizers, pesticides 
industries, coal and mineral mining industries, metal processing 
industries, drugs, glass, cements, petroleum and other engineering 
industries, etc. Industrial wastes mainly composed of certain organic 
compounds along with their inorganic complexes and non-biodegradble 
materials (Bechmann and Grunewald, 1995; Goodin and Webber, 1995; 
Grosser et al., 1995;). These pollutants affect and alter the chemical 
and biological properties of soils. As a result, hazardous chemicals can 
enter into human food chain from the soil or water and they may 
disturb the biochemical processes and finally lead to serious health 
hazards. 
Industrial sludges are even more dangerous than industrial solid 
wastes. The composition of industrial sludges vary enormously in 
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composition, the common boiler scale, for e.g., consists of calcium 
carbonate. These wastes also consist of several toxic volatile elements 
such as As, Se, Hg, Pb and Cd, which pose detrimental affects on the 
environment (Tyler, 1981; Lee, 1985). 
> Urban wastes: 
Urban wastes comprises both commercial and domestic wastes 
consisting of dried sludge of sewage wastes. All the urban solid wastes 
are commonly referred to as 'refuse'. Solid wastes and refuse 
particularly in urban areas contribute to soil pollution. This refuse 
contains garbage and rubbish materials like plastics, glasses, fibres, 
papers, fuel residues, leaves, and other discarded materials. Some of 
the urban domestic wastes is considered to be dangerous, as they 
cannot be easily degraded. The leachates from the dumping sites and 
disposal tanks of sewage, mixed with industrial effluents and wastes 
are extremely harmful and toxic in nature. 
> Radioactive pollutants: 
Radioactive substances resulting from explosions of nuclear 
devices, atmospheric fall out from nuclear dust and radioactive wastes 
penetrate into the soil that create soil pollution. Radio nuclides of 
radium, thorium, uranium, isotopes of potassium (K-40) and carbon (C-
14) are very common in soils, rocks, water and air. Radioactive wastes 
contain several radio nuclides such as strontium-90 iodine-129, 
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caesium-131 and isotopes of iron, which are most injurious to our 
body. Recently it has been indicated that some plants such as lichen 
and mushroom can accumulate Cs-137 and other radio nuclides, which 
get concentrated in the body of the grazing animals. 
> Agricultural practices: 
With modern agro-technology, huge quantities of chemical 
fertilizers, pesticides and their formulations are employed to increase 
the crop yield. The poor grade chemical fertilizers contains toxic 
materials such as cadmium is the main source of low-grade rock 
phosphate. When the fertilizers contaminated with other synthetic 
organic pollutants applied to soil environment leads to soil pollution. 
Different kinds of pesticides used to control pests and pest born 
diseases, are causing a stress is the natural environment. Soil colloids 
may absorb pesticides, which may contaminate root crops, grown on 
such soils. In addition to the chemical fertilizers and pesticides, soil 
conditioners and fumigants are also employed to the land system to 
increase and protect the soil fertility as well as to kill the hazardous 
insects. Animal wastes containing several pathogenic bacteria and 
viruses enter into plant metabolism and ultimately to man. 
> Chemical and metallic pollutants: 
Synthetic chemicals and fertilizers containing various trace 
elements such as Fe, Co, Ni, Cu, Zn, Pb etc. are added to soil either 
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deliberately or as on impurity. The some of metallic contaminants in 
soil are considered to be the indestructible poisons and their 
accumulation in plants and water may be highly dangerous since they 
affect the production of atmospheric oxygen as well as living beings. 
CHROMATOGRAPHY 
Chromatography is derived from the greek words chromatus and 
graphein, meaning "colour" and "to write". Chromatography is an 
excellent and most extensively used technique for the separation and 
purification of compounds. In this technique, the mixture is applied to 
either a solid or liquid phase, which is kept stationary (called 
stationary phase). This may be a packed-column (of alumina, silica gel. 
etc.) or a paper. Another liquid or gas phase is allowed to move slowly 
over the stationary phase and this causes the separation of the 
components of the mixture either by adsorption or partition or ion-
exchange. This is called mobile phase. The separation of individual 
components results primarily due to differences in their affinity for the 
stationary and mobile phases. 
Thin - layer chromatography: 
Thin layer chromatography (TLC) was first introduced actively 
for the separation of fatty esters by kirchner et al. (1951). It is a 
subdivision of liquid chromatography in which the mobile phase (a 
liquid) migrates through the stationary phase (a thin layer of porous 
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sorbent on a planar inert surface) by capillary action. It is a rapid, 
simple, versatile, reasonably sensitive and inexpensive analytical tool, 
which is applicable for both qualitative and quantitative analysis of 
several compounds. 
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TLC procedure: 
The complete process of TLC is summarized in Fig. 5 
Preparation of Sample 
1 r 
Applied on Chromatoplate By 
Spotting or Streaking 
•> r 
Development 
1 ' 
Drying of Chromatogram 
1 r 
Detection 
visual, UV-Scanning, Reagent Spray 
•1 ' 
Component Removal (optional) 
1 ' 
Documentation 
Fig, 5: The process of thin-layer chromatography 
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Principle and techniques: 
In TLC, separation of components from a mixture is achieved by 
optimizing the experimental conditions. The desired separation can be 
achieved by proper selection of adsorbent (Stationary phase) and 
solvent (mobile phase) system. 
Nature of phase interactions: 
Some of the important physical and chemical characteristics that 
determine the degree of interactions of mobile phase - solute, sorbent -
solute and mobile phase - sorbent are given in the following paragraph. 
(a) Intramolecular forces: The intramolecular forces hold neutral 
molecules together in liquid or solid state. These physical forces 
are characterized by low equilibrium and results in good 
chromatographic separation. 
(b) Inductive forces: These forces exist when a chemical bond has a 
permanent electrical field associated with it (e.g. C-Cl, C-NO2 
groups). Under influence of his field, the electrons of an adjacent 
atom, group or molecule are polarized so as to give an induced 
dipole moment. This is a major contributing factor in the total 
adsorptive energy on aluumina sheet. 
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(c) Hydrogen bonding: It makes a strong contribution in adsorption 
energies between solutes-solvents having a proton donor group and 
a nucleophilic polar surface such as that of alumina or silica gel. 
(d) Charge - transfers: Charge - transfer between components of 
the mobile phase and the sorbent may also take place to form a 
complex of the type S"^  A' (where S= solvent or solute and A= 
surface active centre of sorbent). This phenomenon is prominent 
in ion exchange chromatography. 
(e) Covalent bonds: Covalent bond can be formed between solute 
and / or the mobile phase and the sorbent. These are strong 
forces and result in poor chromatographic separation. 
Soil thin - layer chromatography: 
Helling and Turner (1968) first introduced the Soil thin layer 
chromatography for the determination of pesticides movement using 
different types of soil as static phase. Rhodes et al., (1970) used soil 
TLC for the determination of agrochemicals in soil. Chapman et al., 
(1970) also used soil for measuring the relative mobility of herbicides. 
The work was further compiled by Helling (1971) in three reports 
dealing with pesticides mobility in soils, (i) parameters of TLC (ii) 
application of soil TLC and (iii) influence of soil properties. 
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Soil TLC method has been successfully used by Singhal et al. 
(1978) for the mobility of amino acids. Khan et al. (1982) for the 
mobility of heavy metals, Khan and Khan (1986) for the mobility of 
organophosphorus insecticides in soils as affected by soil parameters 
and Khan et al. (1999) for the mobility of amino acids in soil as 
affected by some pesticides. Soil TLC techniques has now become an 
important analytical tool in describing the mechanism involved in the 
mobilization process of organic and inorganic compounds through 
soils. 
Soil TLC is an adsorption chromatography, where the absorbent 
is a thin layer of soil deposited an a glass plate. The soil components 
provide static phase, where adsorption and desorption takes place very 
rapidly and reversibly. Thin layers of soil are prepared by spreading an 
uniform film (0.15 - 2.0 mm) of soil slurry over a glass plate with the 
help of an applicator and allowing it to dry at room temp. (30 ±1°C). 
The organic or inorganic compound, under investigation is spotted 
above 3 cm from the bottom of the plate so that the mobile phase level 
in the closed jar may always remain about 1 cm below the spots. Thin 
layer plates are developed to a distance of 10 cm starting from the 
point of spotted compound. After the development, the plates are 
removed from jar, dried and the compounds or ions are detected by 
spraying suitable chromogenic reagents as detectors. 
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The movement of the compound through the soil layer is 
measured in terms of Rf values, which can be calculated as, 
^ 10 
R-L •'"^T 
Where, 
RL = Leading distance moved by metal. 
RT = Trailing distance moved by metal. 
(RL+RT)/2 = The average of leading and trailing distance from 
the base line. 
The Rf values in TLC are dependent upon many variables such as 
nature of the sorbent, layer thickness, layer-activation temperature, 
chamber saturation, nature of mobile phase, pH of the medium, 
development technique used, temperature, sample size and relative 
humidity etc., which must be regulated carefully during the preparation 
and evaluation of the chromatogram to obtain reproducible results. It 
has no units. The differential migration results because of varying 
degrees of affinity of components in a mixture, for the stationary and 
mobile phases. 
Advantages of TLC: 
TLC is the most versatile and flexible chromatographic method. 
It is rapid because pre-coated layers are available for use as received. 
43 
without preparation. A large number of individual samples and 
standards can be applied to a single plate and separated at the same 
time. The automated sample applications and developers allow high 
accuracy and precision in quantification. There is a vide choice of 
layers, developers and detection methods. Less pure samples can be 
successfully analyzed. 
THE SOILS OF ALIGARH DISTRICT 
Aligarh covers an important area among the district of Uttar 
Pradesh (India). The district lies towards north of the Ganga-Yamuna 
doab within the parallels 2T29' and 28 ' ' i r north latitude and 77°29' 
and 78°38' east latitude. Aligarh district acquires an area of 5000 sq. 
km. Its alluvial deposits have a gentle slope from north-west to south-
east. There are several natural depressions apart from those formed by 
the river valleys and drainage lines. Topographically the district 
present a trough like appearance with high Ganga and Yamuna banks at 
its extreme rims. It has a semi-desert type of climate mean annual air 
temperature of 26.7**C and mean annual rainfall of 775mm. A fluffy 
layer of salts, about 2.5cm thick, is observed on the surface during dry 
months. Water label fluctuates between 0.2 and 2.0m depth. 
The soils of Aligarh district are alluvial with little leaching and 
considerable accumulation of salts on the surface. The alluvial beds 
varying from olive brown to ash gray in colour, very strongly alkaline 
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to weak alkaline in nature, pass through the successive layers of sand, 
sandy silt and clay with occasional compact beds of an indurated 
character. These soils are imperfectly drained and show moderately 
slow permeability. 
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According to the order of the genesis of the principal soil types, the Aligarh 
district has been grouped into six natural soil regions as shown in (Fig. 6) 
THE PROBLEMS 
The problem of the dissertation which deals with the "Interaction 
and mobility of pesticides and trace metals with and without fly ash 
amended soils and crops" has been divided into three chapters. 
CHAPTER I: Deals with general introduction containing (i) 
composition of soil, that includes: solid phase, liquid phase and 
gaseous phase (ii) soil microorganisms and their activities, (iii) 
Physico-chemical properties of soil, that includes: Mechanical 
composition, soil pH, electrical conductivity, exchangeable cations and 
cation exchange capacity (iv) Plant nutrients, (v) Pesticides, (vi) Trace 
metals and their effects, (vii) Fly ash, (viii) Soil pollution, (ix) 
Chromatography, (x) The soils of Aligarh district. 
The knowledge on the basis of survey literatures on the above 
topics were important for building a sound background to carry out 
research in the field of soil chemistry and to tackle the problem of soil 
pollution. 
CHAPTER II: Effect of Chlorpyrifos on the seed germination, growth 
and nutrients uptake by Barley (Hordeum vulgare) and Mustard 
(Brassica compestris) plants. 
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CHAPTER III: Mobility of some heavy metals as affected by sodium 
salts of various Anions through Aligarh soils measured by soil thin 
layer chromatography. 
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The demand of different kinds of organic pesticides is increasing 
to control harmful effects of pests (Sandhu and Sran, 1982; Singh and 
Sitaramaiah, 1973) and pest born diseases in agriculture to maximize 
the crops yield. The effectiveness of such chemicals for controlling 
various diseases in plants grown on the soils dependent upon several 
factors such as types of plants as well as the physico-chemical 
behaviour of the soils viz. soil-texture, nature and extents of cla> 
minerals, organic matter, pH, temperature, humidity, nature and extent 
of soluble salts and exchangeable cations etc (Khan et al., 1998). 
Some of the pesticides are reported to be beneficial for plants 
growth if used at their lower concentration but becomes phytotoxic 
(Khan et ai., 2000) at their higher doses due to the change in the 
activity of some useful soil micro organisms (Tu, CM., 1970; Wang et 
al., 2002) involved in converting unusable plant nutrients of the soil 
into their usable forms needed by plants (Subba Rao, 1997). 
Chlorpyrifos [o,o-diethyl o-3,5,6-trichloro-2-pyridyl phosph-
orothioate] is widely used as a broad spectrum insecticide to control 
insects such as termites, white grubs, ground weevils, some foliar 
insects etc. in recent past (Wright et al., 1991). It is a non-systemic 
organophosphorus insecticide with contact stomach and respiratory 
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action. Chlorpyrifos persists in soil for 2-4 months (Atwal, 1986) and 
has low solubility (Kulkarni et al,, 2000) in water. The acute oral LD50 
for rats is 155 mg/kg and acute dermal LD50 for rabbits is 2100 mg/kg 
(Douglas and Hamish, 1987). It is also found to affect 
acetylcholinesterase enzyme activity and cause fetotoxic and 
teratogenic effects in rats Ahmad et al., 1993; Farag et al., 2003). 
The work on the phytotoxic behaviour of chlorpyrifos on a 
variety of crops grown on Indian soils is lacking. So, it was considered 
worthwhile to evaluate the effect of Chlorpyrifos on the germination, 
growth and nutrients uptake for Barley (Hordeum vulgare) and Mustard 
(Brassica compestris) plants with a view to assess its behaviour in 
regards to find its optimum tolerance limit for healthy growth of these 
plants for maximizing their quality and production and to minimized 
the risk of pollutional problems posed by it in soil environment. 
EXPERIMENTAL 
Determination of physico-chemical properties of soil: 
The soil sample (0-30 cm.) used in these investigation was an 
illitic fine sandy loam collected from agricultural farm of Aligarh 
Muslim University, Aligarh (U.P.), India. The Physico-chemical 
properties of soil was determined as follows: 
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Determination of mechanical composition: 
The mechanical composition of soil sample were determined by 
international pipette method (Piper, 1950). 
Apparatus and reagents required: 
> 7,200 Mesh sieves (BSS). 
> Graduated measuring cylinder (500 ml). 
> Constant temperature water bath. 
> Pipette. 
> Petridish. 
> Electronic balance. 
> 30% Hydrogen peroxide 
> 0.2N Hydrochloric acid. 
> Sodium oxalate solution (8g/l). 
Procedure: 
A 10 g of air dried, crushed and passed through 7 mesh sieve 
(BSS) soil was dispersed in water after treating it with 30% H2O2 and 
0.2N HCl using 50 ml sodium oxalate (8 g/1) as dispersing agent. The 
percentage of sand was calculated from the weight of the residues left 
behind on 200-mesh sieve (BSS). The suspension was then diluted to 
500 ml and transferred to a graduated measuring cylinder, which was 
immersed in a constant temperature water bath at 25 ± l"C throughout 
the coarse of pipetting. A 10 ml sample was pipetted out carefully in a 
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petridish at specified intervals (4 mins. 15 sec. and 7 hrs. 5 mins.) of 
time from a depth of 10cm, dried and weight. The percentage of clay 
was calculated from weight of residues. The percentage of silt was 
calculated by subtracting the sum of percentage of all fractions (sand 
plus clay) from 100. The results are recorded in the Table-1. 
Determination of pH: 
The pH was recorded with Elico pH meter (model LI 120) with 
glass and saturated calomel electrodes assembly. A 1:5, soil : water 
ratio suspension was used for measuring the pH of the soil. The result 
obtained is recorded in Table-1 
Determination of electrical conductivity (EC): 
The electrical conductivity was measured at 30 ± 1°C with the 
help of Philips Conductivity Bridge and dip type cell. A 1:5 soil : 
water ratio suspension was used to measure the electrical conductivity. 
The result obtained is recorded in Table-1. 
Determination of organic matter: 
The organic matter of the soil was estimated by using Walkley 
and Black (1947) method. 
Reagents required: 
> Aqueous solution of IN Potassium dichromate. 
> Cone. Sulphuric acid. 
> 85% Orthophosphoric acid. 
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> 1% Alcoholic solution of diphenylamine indicator. 
> Aqueous solution of N/2 ferrous ammonium sulphate. 
Procedure: 
A 2 g soil sample, air-dried and passed through a 100- mesh 
sieve (BSS), was taken in 500 ml conical flask. A 10ml of 1 N 
potassium dichromate solution and 20 ml of concentrated sulphuric 
acid were added to it. The flask was shaken vigorously several times, 
allowed to stand for 30 minutes and thereafter a 200ml of distilled 
water, 10ml of orthophosphoric acid and 1 ml of diphenylamine 
indicator were added to it. The excess of unreacted potassium 
dichromate was titrated against standard N/2 ferrous ammonium 
sulphate solution till the violet colour changed to purple and finally to 
green. Reagent blank determination was also carried out in the same 
way. From the volume of ferrous ammonium sulphate solution used 
organic carbon was calculated by using the expression: 
(Blank titre - Actual titre) x 0.003 x N x 100 
Organic carbon (%) = 
Weight of dry soil in g 
Where, 
N is the concentration of ferrous ammonium sulphate. 
The value of organic carbon was converted to organic matter by 
multiplying with the factor 1.724. The result obtained is recorded in 
Table 1. 
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Determination of cation exchange capacity (CEC): 
Cation exchange capacity was determined by the Jackson 
(1958) method. 
Reagents required: 
> 0.05N Hydrochloric acid. 
> IN Sodium acetate solution (pH 5). 
> IN Calcium chloride solution. 
> EDTA solution. 
> 1% Alcoholic solution of eriochrome black "T". 
> Buffer solution of (pH 10). 
> 2% aqueous solution of sodium cyanide. 
Procedure: 
A 5g soil sample was taken in a 100 ml conical flask. The 
soluble salts were washed out by treating the soil with 0.05N HCl and 
finally with distilled water. It was further treated with IN sodium 
acetate of pH 5.0 for 30 minutes with intermittent stirring. This 
acidified sample was given five washings with IN standard calcium 
chloride solution. The excess salts were removed by washing with 80% 
aqueous acetone solution until the excess CaCl2 was removed, as 
indicated by a negative AgNOs test for chloride on in the final 
washing. Finally the calcium ions were exchanged from Ca -soils by 
means of exchanging it with a neutral IN sodium acetate solution. The 
washing were collected and utilized in the determination of replaced 
Ca^ "^  from exchangeable sites and titrating it with a standard EDTA 
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solution, using 10ml of buffer solution (NH4CI-NH4OH) of pH 10 and 
eriochrome black "T" indicator in the presence of 1 ml of 2% NaCN 
solution as masking agent for interfering ions. A reagent blank was 
also run simultaneously to avoid any error due to impurities. The blank 
reading was subtracted from the reading of calcium determination. 
From the volume of the EDTA solution used, the value of cation 
exchange capacity was calculated by using the following expression: 
, « ^ -1 MN VxNxlOO 
Cation exchange capacity (meq. 100 g soil) = 
Weight of the soil in g 
Determination of exchangeable cations: 
The exchangeable cations of soil were determined by method of 
Jackson (1958). 
Reagents required: 
> IN Aqueous solution of ammonium acetate. 
> 6N nitric acid. 
> 30%H2O2. 
> 6N Hydrocloric acid. 
> Buffer solution (pH 10). 
> Eriochrome black "T". 
> Mureoxide indicator. 
> 10% Potassium hydroxide. 
> EDTA solution. 
> Standard solution of Na and K. 
Procedure: 
A 50 g soil sample was taken into 250 ml conical flask and then 
100 ml IN NH40AC solution was added to it. The contents of the flask 
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were shaken for 20 minutes and allowed to stand overnight. The soil 
contents were then transferred into a buckner funnel, in which moist 
Whatman filter paper No. 42 was seated by using a gentle pressure. The 
soil was leached with an additional 400 ml of NH40Ac. The filtrate, 
containing NH40Ac extract of the soil, was evaporated to dryness on a 
steam plate. The dark colour residue, containing organic matter was 
treated with 2 ml of 30% H2O2 and 2 ml of 6N HNO3 and heated to 
dryness on a steam plate. The dried organic matter free residue was then 
dissolved in 10ml of 6N HCl and diluted with distilled water. It was 
filtered through Whatman filter paper No. 42 and the volume was made 
upto 100 ml. This solution was used for the determination of 
exchangeable Ca^ *, Mg^ "^ , Na^ and K* in soil. Exchangeable calcium plus 
magnesium was estimated in the 10 ml of above solution by EDTA 
titration, using a half test tube of buffer solution (pH-10) and 4-5 drops 
of eriochrome black "T" indicator. Calcium was also estimated separately 
using mureoxide indicator with 10% KOH as recommended by Jackson 
(1958). The volume of EDTA solution for magnesium was calculated by 
subtracting the volume for calcium from the volume of calcium plus 
magnesium used. The exchangeable sodium and potassium was estimated 
in the above solution using "Systronics" flame photometer. The results on 
the amount of exchangeable Ca^ "", Mg^ "", Na^ and K^ are recorded in 
Table-1. 
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Determination of exchangeable nitrogen: 
Exchangeable nitrogen was determined by the method of Hesse 
(1979). 
Determination of ammonium nitrogen: 
Reagents required: 
> 2M Potassium chloride solution: A 150 g KCl was dissolved 
in 800 ml distilled water and boiled with 10 g magnesium oxide 
for about 15 minutes, until any ammonia present was expelled. 
The solution was then cooled and filtered before making the 
volume upto the mark. 
> Magnesium oxide: Magnesium oxide was heated at 650°C for 
two hours in an electric muffle furnace and allowed to cool in a 
desiccator over solid KOH and stored in a tightly stoppered glass 
bottle. 
> Mixed indicator: Mixed indicator solution was prepared by 
dissolving together a 0.1 bromo cresol green and 0.07 gm methyl 
red in 100 ml of ethanol. 
> Boric acid solution: A 20 g of boric acid was dissolved in 900 
ml of hot distilled water. After cooling the solution, 20 ml mixed 
indicator solution was added to it. And then a O.IM NaOH 
solution was added drop wise until the colour is changed to 
reddish purple. 
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> M/70 hydrochloric acid solution. 
Procedure: 
A 5g soil sample was taken in 100 ml glass stopper conical flask. 
A 50 ml of 2M KCl solution was added in it. The flask was shaken 
vigorously for an hour and the soluble contents were extracted through 
Whatman filter paper No. 42. A 10 ml solution from extracts was taken 
in distillation flask and diluted with 50 ml distilled water. A 0.5g 
magnesium oxide was added through long-stemmed funnel into the 
flask. Ammonia was distilled into a solution of 5 ml of boric acid 
containing mixed indicator through a condenser until the final volume 
of the distillate was reached to about 30 ml. The boric acid was then 
titrated with M/70 HCl by using a micro burette until the green colour 
changed to pink. A blank was also run in the same way. The 
exchangeable ammonium nitrogen was calculated using the relation: 
1 ml of M/70 HCl = 0.2 mg of nitrogen. 
The result obtained, is recorded in Table-1 
Determination of nitrite nitrogen plus nitrate nitrogen: 
Reagents required: 
> All the reagents used in the determination of ammonium 
nitrogen. 
> Devarda alloy: Finally grounded and passed through a 0.15 mm 
sieve. 
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Procedure: 
After distillation of ammonia nitrogen, the stopper of the 
distillation flask was removed and a 0.2 g of Devarda alloy and 50 ml 
of distilled water were added to it. The distillation flask was stoppered 
and then ammonia was distilled in a fresh portion of 5ml boric acid 
solution until 30ml distillate was collected and then it was titrated with 
M/70 HCl. The value of nitrite nitrogen plus nitrate nitrogen were 
calculated in the same manner as described in the determination of 
ammonium nitrogen. 
Determination of nitrate nitrogen: 
Reagents required: 
> All the reagents used in the determination of nitrite nitrogen. 
> 2% sulphamic acid solution. 
Procedure: 
After distillation of ammonia nitrogen the stopper of the 
distillation flask was removed and 1 ml of a 2% aqueous solution of 
sulphamic acid was added to the flask. The distillation flask was 
swirled for few seconds to destroy NO2. And then 0.2 g Devarda alloy 
and 50 ml distilled water were added in distillation flask. It was 
stoppered and ammonia was distilled in a fresh portion of boric acid 
solution. About 30 ml distillate was collected in each case and titrated 
with M/70 HCl. The value of nitrate nitrogen was calculated in same 
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manner as described in the determination of ammonium nitrogen. The 
result is given in Table-1. 
Determination of nitrite nitrogen: 
Nitrite nitrogen = (Nitrite nitrogen + Nitrate nitrogen) -Nitrate 
nitrogen. 
The result is recorded in Table-1. 
Determination of available phosphorus: 
Available phosphorus was determined by the method of Olsen 
(1954). 
Reagents required: 
> 0.5 M sodium bicarbonate solution (pH 8.5). 
> Darco G 60, phosphorus free charcoal. 
> Chloromolybdic acid: (15 g ammonium molybdate + 
hydrochloric acid + 650 ml warm distilled water). 
> Stannous chloride solution: (10 g SnCl2 . 2H2O was dissolved 
in 25 ml cone. HCl, then 0.5 ml of this solution was dilute with 
66 ml distilled water). 
> Standard phosphorus solution. 
Procedure: 
A 5g soil sample was taken in a 150ml conical flask and a 
teaspoonful of charcoal was added to it. The sample was then treated 
with 100 ml of 0.5 M sodium bicarbonate solution. The content of the 
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flask was shaken for 30 minutes on a mechanical shaker and kept over 
night. It was then filtered through a Whatman filter paper No. 42. 
A 5 ml of the clear soil extract was taken in 25 ml of measuring 
flask and 5 ml of chloromolybdic acid solution was added and the 
contents were thoroughly mixed. After shaking, 1 ml of stannous 
chloride solution was added and the volume was made up to 150mi 
with distilled water. A blue colour was developed. A blank was also 
run in the same way. The absorbance of the solution was recorded after 
5 minutes with Bausch and Lomb using Spectronic '20' at a wave 
length of 660nm. The concentration of phosphorus was determined by 
means of the standard curve already prepared for this purpose. 
Determination of some heavy metals in soil (Tondon, 1993): 
Apparatus and reagents: 
> Double beam atomic absorption spectrophotometer (GBC-902). 
> DTPA extracting solution: To prepare 1 liter DTPA extracting 
solution, 13.1 ml reagent grade TEA, 1.967 gm DTPA (AR 
Grade), 1.47 gm of CaCb and HCl were added distilled water 
maintaining the pH of solution to 7.3. 
> Standard solutions of Cu, Zn, Mn and Fe metals. 
Procedure: 
The extraction of heavy metals (Cu, Zn, Mn and Fe) from the 
soil was made by taking lOg of air dried soil with 20 ml of DTPA 
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extracting solution for two hours with intermittent stirring. The 
suspension was then filtered through Whatman filter paper No.42. 
heavy metals Cu, Zn, Mn and Fe were determined directly fi-om these 
extract by using double beam atomic absorption spectrophotometer 
(GBC-902). The results are recorded in Table-1. 
Table - 1 
Physico-chemical properties of the soil 
Parameters 
Mechanical composition (%): 
Sand 
Silt 
Clay 
pH (1:5, soil : water) 
EC (1:5, soil : water) (mmhos cm'') 
Organic matter (%) 
Cation exchange capacity (meq . 100 g"' soil) 
Exchangeable cations (meq . 100 g'' soil): 
Na* 
K" 
Ca^* 
Mg^^ 
Exchangeable nitrogen (mg kg~') 
NH4'' - N 
NO2" - N 
N03- - N 
Phosphorus (mg kg"') 
Heavy metals (mg kg"'): 
Cu^^ 
Zn^" 
Mn^" 
Fe^" 
Values 
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25 
14 
8.8 
4.8 xlO"^ 
0.41 
16.3 
1.0 
0.5 
3.5 
1.2 
52.0 
6.0 
40.0 
76.0 
3.0 
0.59 
4.96 
6.24 
1 . 1 
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Determination of physiological parameters of Barley (Hordeum 
vulgare) and Mustard (Brassica compestris) plants: 
Pot experiment was conducted to evaluate the 
physiological parameters of Barley and Mustard plants. For pot 
experiment, the soil was air dried, crushed and sieved through 100 
mesh sieve (BSS) and then 2 kg soil samples were taken in each 
earthenware pots inner coated with coal tar to avoid the risk of 
nutrients absorption from soil. The soil were then amended thoroughly 
by mixing the requisite quantities of Chlorpyrifos in two sets of 
experiments. In case of Barley crop, the doses of pesticide were 
adjusted to 0 (control), 75, 150, 300 and 600 mg kg'' soil while for 
Mustard crop the doses were 0 (control), 50, 100, 150 and 300 mg k g ' 
soil. 
The soil, in each pot, was then wetted with distilled water to 
about 60% of its water holding capacity. Out of the certified seeds of 
Barley and Mustard procured from the Quarsi government agricultural 
farm, Aligarh, ten seeds of each variety were sown in each pot for 
every treatment in three replicates. The pots were kept at 35±1°C in a 
green house, while maintaining moisture levels by adding distilled 
water when necessary. After seed germination, the sprouts were 
equally thinned and allowed to grow for a total period of 90 days. The 
physiological parameters such a seed germination, number of leaves. 
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shoot length, root length, fresh shoot weight and dry shoot weight were 
examined. The results are reported in table-Ill and IV. The results was 
put under statistical analysis and the sample calculation is given 
below: 
SAMPLE CALCULATION: 
Statistical analysis: 
The data collected for different doses of Chlorpyrifos on seed 
germination (SG) of Barley was analysed statistically. A model for 
calculation to evaluate the L.S.D. values at 5% level of significance. 
Test of Significance: 
The least significance difference was applied and computed as 
follows: 
Step (1) Construction of data table for 5 treatments and 3 
replicates. 
The data were complied such that each treatment occupies a 
column and their replicates were arranged in rows as shown: 
73 
Table-II 
Construction of data table for L.S.D. 
Replicates 
1. 
2. 
3. 
Zx 
lxt= 
Z(xf 
X 
Doses of Cd (ppm) 
0 
89 
90 
91 
270 
72900 
24302 
90 
75 
92 
93.9 
94 
279.9 
78344.01 
26117.21 
93.3 
150 
83.9 
84 
82 
249.9 
62450.01 
20819.21 
83.3 
300 
77 
75 
77.8 
229.8 
52808.04 
17606.84 
76.6 
600 
33.9 
35 
31 
99.9 
9980.01 
3335.21 
33.3 
IX 
375.8 
377.9 
375.8 
1129.5 
276482.07 
92180.47 
IXr^ 
141225.64 
142808.41 
141225.64 
425259.69 
Step (2) Correction Factor (C.F): 
C.F 
C.F, 
^ (Grand Total) ^  
r.t 
{TXnf (1129.5)' 
= ^^—----—^-^=85051.35 
rJ 3x5 
Where t = no. of treatment 
r = no. of replicates 
]^X„ = grand total 
Step (3) Total sum of squares (SSQT) 
This is the sum of squares of all the values in the table, less the C.F. 
SSRT= 2(X)^-C.F. ' 
921335.88-85051.35 
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SSRT= 7129.12 
Step (4) Sum of squares of treatments (SSQT) 
SSQT -C.F. 
3 
SSQT= 7109.34 
Step (5) Sum of squares of replicates (SSQr) 
SSQr = 
V / 
-C.F. 
J 
425259.69 
-85051.35 
SSQr = 0.588 
Step (6) Sum of squares or errors (SSQE) 
SSQE= SSRT - (SSQT + SSQr) 
7129.12-(7109.34+0.588) 
7129.12-7109.928 
19.192 
Step (7) Estimated variance of Error (MSE) 
SSQE 
MSE = ( t - l ) ( r - l ) 
19.192 
8 
MSE = 2.399 
75 
Step (8) Least Significant Difference (LSD) 
X (t-values at 5% level) 
1 ? ^ ^ ^ X 2.306 
2.92 
If the difference between any two samples means exceeds the 
LSD values obtained at 5% level, the difference between the two 
means is said to be significant at 5% level. 
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Table-Ill 
Effect of Chlorpyrifos on the physiological parameters of Barley 
(Hordeum vulgare) plant . 
Doses of 
Chlorpyrifos 
(mg kg"' soil) 
0 
75 
150 
300 
600 
LSD at 5% 
level 
SG 
% 
90.0 
93.3 
83.3 
76.6 
33.3 
2.92 
NL 
(per plant) 
14.0 
18.0 
10.0 
7.0 
5.0 
2.7 
Parameters 
SL 
(cm/ plant) 
37.0 
49.0 
35.0 
32.0 
18.5 
2.63 
RL 
(cm/ plant) 
22.0 
26.0 
20.0 
16.0 
10.0 
2.19 
SWf 
(g/ plant) 
6.27 
7.50 
5.58 
3.96 
0.66 
0.61 
SWd 
(g/ plant) 
2.62 
3.44 
1.84 
1.16 
0.42 
2.13 
Values are mean of three replicates. 
SG = Seed Germination, NL = No. of Leaves, SL = Shoot Length 
RL = Root Length, SW/= Fresh Shoot Weight, SW^ = Dry Shoot 
weight. 
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Table-IV. 
Effect of Chlorpyrifos on the physiological parameters of Mustard 
(Brassica compestris) plant. 
Doses of 
Chlorpyrifos 
(mg kg"' soil) 
0 
50 
100 
150 
300 
LSD at 5% 
level 
Parameters 
SG 
(%) 
76.6 
86.6 
66.6 
50.0 
36.6 
1.20 
NL 
(per plant) 
12.0 
15.0 
9.0 
6.0 
4.0 
1.94 
SL 
(cm/plant) 
33.0 
42.0 
25.0 
20.0 
15.0 
2.06 
RL 
(cm/ plant) 
18.0 
22.0 
16.0 
12.5 
10.0 
1.71 
SW/ 
(g/ plant) 
7.01 
8.05 
6.23 
4.45 
1.25 
0.39 
SWd 
(g/ plant) 
3.25 
3.98 
2.82 
1.55 
0.73 
0.18 
Values are mean of three replicates. 
SG = Seed Germination, NL = No. of Leaves, SL = Shoot Length 
RL = Root Length, SW/= Fresh Shoot Weight, SW /^ = Dry Shoot 
weight. 
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SEED GERMINATION 
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Fig. 3: Effect of Chlorpyrifos on the physiological parameters of Barley 
(Hordeum vulgare) plant. 
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Fig. 10: Effect of Chlorpyrifos on the physiological parameters of Mustard 
(Brassica compestris) plant. 
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•SG •NL •SL •RL SWf •SWd 
600 
Fig ItPercent inhibition of growtli as a function of applied Chlorpyrifos 
concentration on Barley (Hordeum vulgare) plant. 
•SG •NL •SL RL •SWf •SWd 
300 
Figl2. Percent inhibition of growth as a function of applied 
Chlorpyrifos concentration on mustard (Brassica compestris) plant. 
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Fig. 13: Effect of Chlorpyrifos on the growth of Barley (Hordeum vulgare) plants. 
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Fig. 14: Effect of Chlorpyrifos on the growth of Mustard (Brassica compestris) plants. 
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Determination of nutrients uptake of Barley (Hordeum vulgare) 
and Mustard (Brassica compestris) Plants: 
Nutrients uptake of Barley and Mustard plant was determined as 
follows: 
Apparatus and reagents required: 
> "Systronics" flame photometer 
> Double beam atomic absorption spectrophotometer (GBC - 902) 
> Cone, nitric acid 
> Cone, perchloric acid 
> Cone, hydrochloric acid 
> EDTA solution 
> Eriochrome black "T" indicator 
> Buffer solution (pH 10) 
> Standard solutions of Na, K, Ca, Cu, Zn, Mn & Fe 
Procedure: 
Plants were removed from the pots and were properly washed 
with distilled water. After that, these were dried and grounded for the 
determination of Na, K, Ca, Mg, Fe, Mn, Zn and Cu. Out of these one 
gram sample of each treatment was digested with 10 ml of acid mixture 
containing HNO3: HCIO4 (4 : 1). The digested samples were heated on 
a hot plate till the brown fumes ceased and the digested material is 
converted into a syrupy liquid with some white fumes (piper, 1966). 
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The samples of the syrupy liquid were dissolved in 5 ml of cone. HCl 
and diluted with distilled water. To obtain the clear solutions, they 
were filtered and then adjusted to a volume of 50ml in each case. The 
amounts of metals uptake for Na, K and Ca were estimated from these 
solutions by using "Systronics" flame photometer. The quantity of 
calcium plus magnesium was determined by EDTA titration using 
eriochrome black "T" indicator at pH 10 (Jackson, 1958). The amount 
of magnesium was then calculated by subtracting the value of Ca from 
Ca plus Mg. The concentration of Fe, Mn, Zn and Cu were estimated 
by double beam atomic absorption spectrophotometer (GBC - 902). 
The results are recorded in table V & VI. 
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RESULTS AND DISCUSSION 
An examination of results (Table III and IV) show a significant 
beneficial effect in physiological parameters with regards to growth 
and development in Barley and Mustard plants as a result of 
Chlorpyrifos amendments at its lower doses but become phytotoxic at 
higher levels of its amendments. However, the beneficial dose on these 
plants vary for Barley and Mustard plants in order - Barley > Mustard. 
The beneficial effect on various physiological parameters with respect 
to control are shown in Fig. 11 and 12. The beneficial effect in 
percentage with respect to control were: 
Barley plants: SG : 3.67, NL : 28.57, SL : 32.43, RL : 18.18. 
SWf : 19.62, SWd : 31.29 upto a dose of 75 mg 
kg'' soil. 
Mustard plants: SG : 13.05, NL : 25.00, SL : 27.27, RL : 22.22. 
SWf : 14.84, SWd : 22.46 upto a dose of 50 mg 
kg"' soil. 
The percentage inhibition in physiological parameters were: 
Barley plants: SG : 7.44, 14.89, 63.00, NL : 28.57, 50.00, 64.29. 
SL : 5.41, 13.51, 50.00, RL : 9.09, 27.27. 54.55. 
SWf :11.00, 36.84, 89.47, SWd : 29.77, 55.72, 
83.97 for respective doses of 150, 300 and 600 
mg kg"' soil. 
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Mustard plants: SG : 13.05, 34.73, 52.22. NL : 25.00. 50.00. 
66.67, SL : 24.24, 39.39, 54.55, RL : 11.11. 
30.55, 44.44, SWf -.11.13, 36.52, 82.17, SWd : 
13.23, 52.30, 77.54 for respective doses of 100. 
150 and 300 mg kg' 'soil. 
The beneficial effect of Chlorpyrifos upto 75 mg kg'' soil for 
Barley and 50 mg kg'' soil for Mustard plant may be regarded as 
beneficial and non-toxic limit for soil microbes responsible for 
converting the unusable soil nutrients into their usable forms. Thus the 
enhanced bioactivity may be the key factor in releasing the plant 
nutrients needed for plant growth (Gray and William, 1975; Tiwari et 
al., 1994). However, the inhibitory trend on seed germination and 
growth for Barley and Mustard plants (Fig. 13 and 14) might be due to 
the toxic behaviour of Chlorpyrifos on soil microbes such as 
azotobactor spp., Rhizobium spp., cellulolytic microorganisms, 
phosphate dissolving microbes and other beneficial soil 
microorganisms etc. (Chiaro, 1953; Domesh, 1984; Dordevic et al.. 
1999; Rodriguez and Fraga; 1999; Smith et al., 1945). 
The results (Table V and VI) for the nutrients uptake as a result 
of Chlorpyrifos amendments in soil indicate that the concentrations of 
Na, K, Ca, Mg, Fe, Mn, Zn and Cu uptake were found to increase at its 
lower concentration (upto 75 mg kg"' soil for Barley plant and upto 50 
mg kg'' for Mustard plants) and thereafter an inhibitory trend is 
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noticed throughout the entire range (150 -600 mg kg"' soil for Barley 
and 100 - 300 mg kg"' soil for Mustard) of study. The nutrients uptake 
is found to be in the sequence of K> Na> Ca> Mg for macronutrients 
while for micronutrients, the trend follow the order Fe> Mn> Zn>Cu 
for both these plants but with different intensity. 
Thus, the nature of plants grown on soils play an important role 
in assessing the pollutional problems posed by extensive use of 
pesticides and other pollutants in soil environment. 
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L^kaptef 3 
Momjty of some Heavy Metals as 
affected by Sodium salts of various 
Anions t(;rough Aligarl; soils 
measured by Soil T^in-Layer 
chromatoan 
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Introbttctton 
A great deal of attention has been paid to evaluate the heavy 
metal transport through soil by using a simple and inexpensive tool of 
soil thin layer chromatography in recent years (Helling, 1971; Singhal 
and Bansal, 1978; Singhal et al., 1977). On survey of literature, it is 
revealed that the mobility of heavy metals depend upon several factors 
such as soils pH, SOM (soil organic matter), exchangeable cations, 
types of clay minerals, nature of pesticides, fly ash, organic acids and 
bases and other organic chemicals used in soil environment (Khan et 
al., 1985; Khan et al., 2000; Khan and Singh, 1999 and Martin, 1972) 
etc. Heavy metal pollution is very well recognized and debated in 
literature (Dutta and Mookerjee, 1980; Mortvedt, 1996 and Schmitt et 
al., 1979). Among heavy metals, Co and Zn are considered to be 
utilized as micro nutrients (Donahue et al. 1977) while Ni, Pb and Ag 
are phytotoxic (Dijkshoor et al. 1979; Gupta and Gupta, 1998) and are 
not required for growth of plants and soil microbes. 
The sodium salts of various anionic species such as NaCl, 
NaHCOa, CHjCOONa, NajCOa, Na2Mo04 and Na2HP04 are found to 
exist in soil through natural and/ or amendment practices. The presence 
of NaHCOs and Na2C03 is responsible for soil alkalinity while NaCl 
enhances the salinity problems in soil. The CHsCOONa is found to 
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exist as a result of microbial activities in decomposition of organic 
matter producing organic acids (Stevenson and Ardakani, 1972) that 
get converted to its sodium salts where as Na2Mo04 and Na2HP04 are 
extensively employed in agricultural Practices for supplementing the 
deficiency of these as micro and major nutrient required for healthy 
plant growth. 
The role of these anionic species such as: CI", HCOs", CHsCOO", 
CO3 , M0O4 and HPO4 in soil on the translocation of certain heavy 
metal cations such as Co, Ni, Zn, Pb and Ag is still limited in 
literature. So this work is designed to investigate the mobility of heavy 
metals by using varying concentration of these anionic solutions of 
their Na- Salts as a mobile phase through soil by using soil thin layer 
chromatography with a view to explore the reaction mechanisms 
involved in these processes. 
EXPERIMENTAL 
The soil (0-30cm) sample was collected from agricultural farm 
of Aligarh Muslim University, situated in Aligarh district (U.P.) India. 
The Physio-chemical properties of the soil were determined by 
standard methods and results are recorded in Chapter II vide table-1. 
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Determination of the mobility (Rf value) of heavy metals in soils: 
Apparatus and reagents required: 
> TLC applicator of adjustable thickness. 
> Uniform glass plates (20x4 cm). 
> Glass chamber with covers. 
> Micropipette. 
> Glass sprayer. 
> Oven 
> 100 mesh sieve (BSS). 
> Aqueous solution of metal nitrates (O.IM). 
> 0.5% Ethanolic solution of haemotoxylin (w/v). 
> Alcoholic solution of dimethylglyoxime. 
> aqueous solution of (0.6M) of NaCl, NaHCOj, CHjCOONa; and 
(0.2M) of NazCOa, Na2Mo04 and Na2HP04. 
(a) Preparation of TLC Plates: 
For the measurement of mobility in terms of Rf values, the soil 
was dried, grounded and passed through a 100 mesh sieve (BSS) so as 
to get an uniform particle size. A soil slurry (1:2, soil: water ratio) was 
prepared in distilled water and was applied on glass plates (20x4 cm) 
with the help of an applicator in order to get an uniform layer of 
0.5mm thickness. There plates were then air dried at room temperature, 
30+1 C°. Two lines were scribed at 4 and 14 cm form the base of each 
plate so as to allow a developing distance of 10 cm for the study. 
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Application of sample and development of plates: 
An aqueous solution of 0.006ml of each metal nitrates (O.IM) of 
Co, Ni, Zn, Pb and Ag were spotted at the base line on separate TLC 
plates with the help of a micropipette. The plates were developed in 
closed chamber using distilled water (control) and various anionic 
solutions viz., (0.6M) of NaCl, NaHCOj, CHjCOONa; (0.2M) of NajCOj, 
Na2Mo04 and Na2HP04 at constant ionic strength (|i=0.6) as a mobile 
phase and allowed to develop upto a distance of 10cm by ascending 
chromatography technique. To prevent disintegration of soil in contact 
with developer, wetted strip of filter paper (about 2.5 cm wide) were 
wrapped around the bottom of plates before the development. 
DRYING AND DETECTION OF CHROMATOGRAM: 
Developed plates were air-dried. The positions of Co, Ag and Pb were 
detected as violet spot and Zn as brick red coloured spot on spraying an 
alcoholic solution of 0.5% (w/v) haemotoxylin where as the Ni was 
detected as redish pink spot by spraying alcoholic solution of dimethyl 
glyoxime. 
Measurement of Rf values: The Rf values in each case was calculated 
using the relation, 
Rf= — V 
Ri^ +Rf 
10 
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where, 
RL = Leading distance moved by metal. 
RT = Trailing distance moved by metal. 
(RL+RT)/2 = The average of leading and trailing distance from 
the base line. 
Results are recorded in [(Table VII to XII and Fig 15 (a and b)]. 
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Table VII 
Effect of chloride (CI") ions on the mobility (Rf values) of heavy 
metals through Aligarh Soil 
Heavy metals 
Co 
Ni 
Zn 
Pb 
Ag 
Concentration of chloride (CI ) 
0 
0.27 
0.23 
0.17 
0.06 
0.04 
0.12 
0.30 
0.28 
0.23 
0.07 
0.05 
0.24 
Rf 
0.38 
0.31 
0.28 
0.08 
0.06 
0.36 
values 
0.46 
0.34 
0.31 
0.09 
0.06 
ions (moles/L) 
0.48 
0.49 
0.36 
0.35 
0.10 
0.07 
0.60 
0.55 
0.40 
0.39 
0.11 
0.09 
Values are mean of three replicates. 
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Table VIII 
Effect of bicarbonate (HCO3") ions on the mobility (Rf values) of 
heavy metals through Aligarh Soil 
Heavy metals 
Co 
Ni 
Zn 
Pb 
Ag 
Concentratic 
0 
0.27 
0.23 
0.17 
0.06 
0.04 
0.12 
0.29 
0.25 
0.18 
0.09 
0.07 
»n of bicarbonate 
(moles/L) 
0.24 0.36 
Rf values 
0.31 0.32 
0.26 0.30 
0.20 0.21 
0.13 0.15 
0.10 0.12 
(HCO3 
0.48 
0.35 
0.33 
0.23 
0.18 
0.15 
~) ions 
0.60 
0.38 
0.34 
0.24 
0.21 
0.16 
Values are mean of three replicates. 
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Table IX 
Effect of acetate (CHjCOO") ions on the mobility (Rf values) of 
heavy metals through Aligarh Soil 
Heavy metals 
Co 
Ni 
Zn 
Pb 
Ag 
Concentration of acetate (CH3COO ) 
(moles/L) 
0 
0.27 
0.23 
0.17 
0.06 
0.04 
0.12 
0.33 
0.24 
0.21 
0.08 
0.06 
0.24 
Rf 
0.43 
0.28 
0.25 
0.10 
0.08 
0.36 
v^alues 
0.51 
0.38 
0.33 
0.13 
0.11 
0.48 
0.57 
0.48 
0.45 
0.14 
0.13 
ions 
0.60 
0.64 
0.58 
0.54 
0.17 : 
0.16 1 
Values are mean of three replicates. 
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Table X 
Effect of carbonate (COi^') ions on the mobility (Rf values) of 
heavy metals through Aligarh Soil 
Heavy metals 
Co 
Ni 
Zn 
Pb 
Ag 
Concer 
0.00 
0.27 
0.23 
0.17 
0.06 
0.04 
itration of carbonate (CO3' 
0.04 
0.30 
0.26 
0.20 
0.08 
0.06 
0.08 0.12 
Rf values 
0.33 0.35 
0.31 0.34 
0.22 0.25 
0.09 0.11 
0.08 0.10 
' ) ions 
0.16 
0.41 
0.39 
0.33 
0.15 
0.12 
(moles/L) 
0.20 
0.46 
0.43 
0.36 
0.17 
0.14 
Values are mean of three replicates. 
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Table XI 
Effect of hydrogen phosphate (HP04^~) ions on the mobility (Rf 
values) of heavy metals through Aligarh Soil 
Heavy metals 
Co 
Ni 
Zn 
Pb 
Ag 
Concentration of hydrogen phosphate (HPOV 
(moles/L) 
0.00 
0.27 
0.23 
0.17 
0.06 
0.04 
0.04 
0.29 
0.28 
0.18 
0.24 
0.07 
0.08 
Rfva 
0.32 
0.33 
0.19 
0.29 
0.11 
0.12 
ues 
0.39 
0.38 
0.24 
0.35 
0.13 
0.16 
0.33 
0.32 
0.20 
0.31 
0.10 
~^) ions 
0.20 
0.31 
0.28 
0.16 
0.25 i 
0.09 : 
Values are mean of three replicates. 
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Table XII 
2-\ Effect of molybdate (M0O4 ) ions on the mobility (Rf values) of 
heavy metals through Aligarh Soil 
Heavy metals 
Co 
Ni 
Zn 
Pb 
Ag 
Concentration of molybdate (Mo04^ ) 
0.00 
0.27 
0.23 
0.17 
0.06 
0.04 
0.04 
0.34 
0.25 
0.23 
0.15 
0.07 
(moles/L) 
0.08 0.12 0.16 
Rf values 
0.42 0.59 0.54 
0.34 0.50 0.38 
0.31 0.36 0.32 
0.20 0.24 0.22 
0.09 0.11 0.10 
ions 
0.20 
0.49 
0.32 
0.28 
0.19 
0.06 
Values are mean of three replicates. 
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Concentration of Anions (moles/litre) 
Fig. 15(a). The effect of anions on the mobility of heavy metals through 
Aligarh soil. 
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-Co -B-Ni -A-Zn -^Xr-Pb 
I 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0 
CO 2-
0.04 0.08 0.12 0.16 0.20 
MoO/" 
0.04 0.08 0.12 0.16 0.20 
Concentration of Anions (moles/litre) 
Fig. 15(b). The effect of anions on the mobility of heavy metals through 
Aiigarh soil. 
Table XIII 
Some characteristic of heavy metals 
Heavy metals 
Co 
Ni 
Zn 
Pb 
Ag 
Ion Size* 
parameter (x 
lO-'cm) 
6 
6 
6 
4 
3 
Solubility of metal ions** in gm per 100 cc water at 20°C 
Metal 
chloride 
76.7 
64.2 
432 
0.99 
0.000089 
Metal acetate 
Soluble 
-
30 
44.3 
1.02 
Metal 
carbonate 
Insoluble 
0.0093 
0.001 
0.00011 
0.0032 
Metal 
phosphate 
Insoluble 
Insoluble 
Insoluble 
0.000014 
0.000644 
** 
Weast, R.C., 1986 
Preiser and Fernando, 1966. Wiley. 
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RESULTS AND DISCUSSION 
The effect of various anions on the mobility of heavy metals are 
given in Fig. 15 (a. and b.). The results indicate that the mobility 
follow the order Co > Ni > Zn > Pb > Ag in case of control where 
distilled water was used as a mobile phase. The high mobility of Co 
and Ni seemed to be governed by their high complexing nature with 
soil humic and fulvic acids fractions that is expected to remain soluble 
in alkaline medium of soil solution, pH > 8.5. However, the lowest 
mobility of Pb and Ag may be regarded due to its lower ion size 
Parameters (Table XIII) capable of providing greater affinity with the 
adsorptive sites of soil colloids. The role of sodium salts of various 
anions such as CI", HCO3', CH3COO", COs^", Mo04^' and HPO*^" on 
the mobility of metals could be understood by considering the 
following reaction: 
ES-M + NaX • ES-Na + MX 
M + 2 NaX ^2 ES-Na + MX2 
E S ^ 
2 ES-M + Na2Y ^2 ES-Na + M2Y 
ES .^^ ^^  
M + NazY *-! ES-Na + MY 
ES-^^ 
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Where ES = Exchangeable sites on soil colloids; M = Metal 
cations; X (monovalent anions) =^  CP, HCOf and CH3COO"; 
Y. (Bivalent anions) = COs^", Mo04^" and HP04^~. These metals salts 
MX, M2Y, MY and MX2 so formed are capable to form the soluble 
complexes with soil organic matter and its fractions move as such 
through soil. 
It is clear that mobility of heavy metals increases with the 
increasing concentrations of CF, HCOs', CH3COO" and COs^" through 
out the entire range of study when used as a mobile phase. However, in 
cases of Mo04^~ and HP04^~, the mobility is found to increase at their 
initial lower concentrations upto a certain limit, thereafter it declines. 
The mobility is found to remain for these anionic systems in the order: 
Co > Ni> Zn> Pb> Ag but HP04^" follow the mobility order: Co> Ni> 
Pb> Zn> Ag. The high mobility of Zn than Pb appears to be governed 
in sequence of solubility of its anionic salts (Table XIII), The increase 
in mobility with increasing CF concentration is due to formation of 
chloro salts or complexes (Doner 1978) which move in the order of 
their solubility (Table XIII) except Co and Ni that move in the order of 
the stability of their SOM complexes. The increase in mobility with the 
rise in HCO3", CHsCOO" and COB^" concentration may be attributed 
due to the dispersion of SOM sodium salts of these anions at pH values 
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> 8.8 which enhances the formation of soluble metal-SOM complexes 
and results in their high mobility through soil. The increase in the 
mobility at lower concentration of Mo04^~ and HP04^~ due to their 
adsorption at highly reactive sites of the soil surface without much 
increase in the new ^ve charge sites. However at higher concentrations, 
the adsorptions occurs at non-specific sites created by displacement of 
the structural OH" groups (Rajan and Fox, 1975) causing in an abrupt 
increase in the -ve charge sites. Thus at higher concentrations of these 
anions, the mobility of heavy metals tend to decrease on the newly 
created -ve charge sites by the adsorption of these anions. 
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Concltu(ton 
Subject matter of the dissertation is discussed into the following 
three chapters: 
CHAPTER I: General introduction: It includes the survey of literature 
in the field of soil science and agricultural chemistry. The discussion 
includes, soil and its composition, soil microorganism and their 
activities, physicochemical properties of the soil, plant nutrients, 
pesticides, trace metals and their effects, fly ash, soil pollution, soil 
thin layer chromatography, and the soils of Aligarh district. 
CHAPTER II: Effect Of Chlorpyrifos On The Seed Germination, 
Growth And Nutrients Uptake By Barley (Hordeum Vulgare) And 
Mustard (Brassica Compestris) Plants 
Pot Experiments were conducted to evaluate the role of Chlorpyrifos 
on seed germination, growth and nutrients uptake of Barley (Hordeum 
Vulgare) and Mustard (Brassica compestris) plants. The results show 
that at the lower doses (75 mg kg"' soil for Barley and 50 mg kg" soil 
for Mustard plant) of Chlorpyrifos had a beneficial effect on the 
growth, development and nutrients uptake for both the plants. The 
uptake of nutrients such as Na, K, Ca, Mg, Fe, Mn, Zn and Cu at its 
lower doses is highest and thereafter an inhibitory trend for the 
nutrients utilization was noticed with the increasing doses of 
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Chlorpyrifos amendments. The results have been explained on the basis 
of toxic behaviour played by Chlorpyrifos to the soil microbes 
responsible for the release of plant nutrients for plant use. 
CHAPTER III: The mobility of some heavy metals such as Co. Ni, 
Zn, Pb, and Ag was measured through soil by using soil thin layer 
chromatography where natural soil was taken as a static phase and 
varying concentration of sodium salt solutions of different anions such 
as Cr, HCO3", CH3COO", C03^~ , Mo04^~ and HP04^' as mobile 
phase. The mobility of heavy metals in these systems is found to be in 
order: Co>Ni>Zn>Pb>Ag except in HP04^' system where mobility 
order becomes as Co>Ni>Pb>Zn> Ag. The results have been explained 
on the basis of metal- SOM complexes, ion size parameter of heavy 
metal and the solubility of metal salt with these anions in the soil 
environment. 
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